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A B S T R A C T
Pitaya is a Cactacea with potential for economic exploitation, due to its high commercial value and its functional
components – such betalains, oligosaccharides and phenolic compounds. Although the biological activities of
pitaya have been studied using in vivo and in vitro models (anti-inﬂammatory and antiproliferative activities, as
example), its anxiolytic-like eﬀect is still unexplored. Therefore, the aim of this work was to perform a char-
acterization of pulp and peel of pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) using UPLC-QTOF-
MSE, and to assess its toxicity and anxiolytic-like eﬀect in adult zebraﬁsh (Danio rerio). The results showed 16
and 15 compounds (in pulp and peel, respectively), including maltotriose, quercetin-3-O-hexoside, and beta-
lains, putatively identiﬁed by UPLC-QTOF-MSE. Thus, pitaya pulp and peel showed no toxicity in both models
tested (Vero cell lines and zebraﬁsh model, LC50 ˃ 1mg/mL); and a signiﬁcant anxiolytic activity, since the
treated ﬁsh reduced the permanence in the clear zone (Light & Dark Test) compared to that in the control,
exhibiting anxiolytic-simile eﬀect of diazepam. However, these eﬀects were reduced by pre-treatment with the
ﬂumazenil suggesting that the pulp and peel of pitaya are anxiolytics agents mediated via the GABAergic system.
These ﬁndings suggested that H. polyrizhus has the potential of developing an alternative plant-derived anxiolytic
therapy. In addition, pitaya peel (which is a waste in the food industry) should be regarded as a valuable
product, which has the potential as an economic value-added ingredient for anxiety disorders.
1. Introduction
Pitaya (Hylocereus spp.), also known as the “dragon fruit, is an
exotic fruit native to southern Mexico and Central America (Mercado-
Silva, 2018). While pitaya was originally domesticated by pre-Co-
lumbian Americans, it was still practically unknown until the mid-
1990s in most parts of the world (Le Bellec et al., 2011). In Brazil,
pitaya cultivation was introduced in the 90 s and presently, it is in the
expansion phase, with the largest producing area located in the state of
São Paulo (PROHORT, 2014). The northeast region of Brazil, Chapada
do Apodi (located in the state of Ceará) has rapid expansion of pitaya
production, because of their excellent adaptation through higher tol-
erance to long-term drought stress and poor soils (Nunes et al., 2014).
Although it is a small fruit compared to other commercialized fruits, it
is becoming more popular in marketing centers due to its exotic ap-
pearance, sensory properties (Moreira, Ramos, Araújo, & Marques,
2011) and, more recently, its diversity of chemical compounds, often
related to its functional properties.
There are several types of pitayas, such as Hylocereus polyrhizus,
Hylocereus undatus, and Hylocereus megalanthus. Among them, H.
https://doi.org/10.1016/j.foodres.2019.108701
Received 29 May 2019; Received in revised form 4 September 2019; Accepted 21 September 2019
⁎ Corresponding author at: Embrapa Agroindústria Tropical, Dra Sara Mesquita St., 2270, Fortaleza, Ceará, Brazil.
E-mail address: ana.dionisio@embrapa.br (A.P. Dionísio).
Food Research International 127 (2020) 108701
Available online 31 October 2019
0963-9969/ © 2019 Published by Elsevier Ltd.
T
polyrhizus and H. undatus are the most widely cultivated (Le Bellec
et al., 2006; PROHORT, 2014) and have the same red fruit skin color
but diﬀerent ﬂesh colors, red and white, respectively. Pitaya peel,
which is usually discarded during the processing and ends up as waste
and a source of pollution, accounts for approximately 22% of the whole
fruit weight (Jamilah, Shu, Kharidah, Dzulkiﬂy, & Noranizan, 2011).
However, this discarded material contains high pectin, soluble, in-
soluble ﬁber, betalains, phenolic and others compounds
(Fathordoobady, Mirhosseini, Selamat, & Manap, 2016; Luo, Cai, Peng,
Liu, & Yang, 2014), which could exhibits biological properties.
In general, research has shown that H. polyrhizus (pulp and peel) has
anti-inﬂammatory (Choo, Koh, & Ling, 2016), antimicrobial (Tenore,
Ettore, & Basile, 2012), and, mainly, antioxidant properties (Luo et al.,
2014; Suh et al., 2014). The phytochemical study of supercritical ex-
tracts of carbon dioxide from piyaya peel by GC–MS (H. polyrhizus and
H. undatus) revealed that triterpenoids and steroids as main chemical
constituents. In addition, both species contain n-hexadecanoic acid,
oleic acid, campesterol, stigmasterol, squalene, nonacosane, octade-
cane, γ-sitosterol, α and β-amyrin isomers (Luo et al., 2014). Suh et al.
(2014) assessed the antioxidant activity of H. polyrhizus and study its
metabolite proﬁling using gas chromatography-time-of-ﬂight-mass
spectrometry and ultraperformance liquid chromatography-quadru-
pole-time-of-ﬂight-mass spectrometry with multivariate analysis. A
total of 17 metabolites, including betanin and betanidin were identi-
ﬁed, in pulp and peel of the fruit. These compounds belong to the be-
talain group, which have been important criteria for the classiﬁcation of
members of the order Caryophyllales.
Betalains is a group of water-soluble pigments, subdivided into red-
violet betacyanins and yellow-orange betaxanthins. Recently, rich be-
talains extracts exhibit anxiolytic and antioxidant properties in stressed
mice, suggesting its therapeutic potential in the treatment of stress-re-
lated psychiatric disorders (Sulakhiya et al., 2016). Moreover, Kim, Lee,
Kim, Lee, and Shim (2013) showed the antidepressant potentials of
betalain, which may be mediated through the serotonergic mechanisms
in the brain of rats, and Gandia-Herrero, Escribano, and García-
Carmona (2016) demonstrated a beneﬁcial eﬀect of betalain on neu-
rological disorders such as Alzheimer's disease. In addition, quercetin (a
ﬂavonoid compound) shows promising anxiolytic eﬀects in mice
(Aguirre-Hernandez et al., 2010). However, the anxiolytic activity of
red pitaya, which is rich in betalain and ﬂavonoids compounds such as
quercetin, is still unexplored.
Currently, one of the most common mental disorders in the world is
anxiety, with a prevalence of 3.6% (WHO, 2017). Considering the im-
portance of this disorder, many biological assays have been used to
evaluate the anxiolytic activity of diﬀerent substances (Benneh et al.,
2017; Gebauer et al., 2011). In the past years, zebraﬁsh (Danio rerio)
became an increasingly popular model for research on aﬀective dis-
orders and pharmacology due to their salient behavioral phenotypes
that are compatible with rodent experimental paradigms, and the
overall eﬃciency for their use as a research organism (Stewart et al.,
2012). Because there is a wide range of behavioral tests available for
zebraﬁsh, they are commonly used to study the underlying neural
mechanisms of anxiety, and pharmacological compounds that alter
these behaviors with many of the ﬁndings being translatable to mam-
mals and humans (Stewart et al., 2012).
The present study evaluates the secondary metabolites present in
the pulp of pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose)
using the UPLC-QTOF-MSE technique and assesses its toxicity and an-
xiolytic-like eﬀect in adult zebraﬁsh. In addition, the characterization
and biological eﬀects of pitaya peel, which is a waste product from juice
industry, was assessed in order to evaluate its potential as an alternative
anxiolytic agent.
2. Material and methods
2.1. Plant material
Pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) was
obtained from Frutacor, which is located in Vale do Jaguaribe - CE
(05°53′26″S; 38°37′19″W). After receiving the pitaya, the fruits were
washed, sanitized, and processed in Embrapa Agroindústria Tropical
(Fortaleza-CE). Thus, the pitaya was processed using a pulp-ﬁnisher
(ITAMETAL/BONINA 0.25 DF) equipped with sieves of diﬀerent me-
shes (2.5 and 0.8 mm) to separate the pulp, the peel, and the seed. In
the end, the pulp (without the seed) and the peel were obtained, frozen
at −20 °C, lyophilized (LIOTOP LP 510) and tritured using and a
mortar/pestle. These lyophilized materials were used in all the ex-
periments.
2.2. Zebraﬁsh adult
Adult wild zebraﬁshes of both sexes, aged 60–90 days, with similar
size (3.5 ± 0.5 cm) and weight (0.4 ± 0.1 g), were obtained from
Agroquímica: Comércio de Produtos Veterinários Ltda, a supplier in
Fortaleza (Ceará, Brazil). The ﬁshes were acclimated for 24 h in a 10 L
glass tank (30×15×20 cm) containing dechlorinated tap water
(ProtecPlus®) and an air pump with submerged ﬁlter at 25 °C and pH
7.0, under near-normal circadian rhythm (14:10 h of light/dark). The
ﬁsh received feed ad libitum 24 h prior to the experiment. After the
experiments, the animals were sacriﬁced by immersion in ice water
(2–4 °C) for 10min until there is loss of opercular movements
(CONCEA, 2018). The Animal Research Ethics Committee of the State
University of Ceará (CEUA-UECE) approved all experimental proce-
dures (protocol no. 7255099/2018).
2.3. Chemical proﬁling by UPLC-QTOF-MSE
2.3.1. Preparation of extracts
The extraction of the organic compounds of H. polyrhizus was per-
formed using an adapted methodology reported by Luz et al. (2018).
For each material (pulp and peel), three replicates were produced.
Initially, 50mg of the sample was weighed separately and then
transferred to a test tube. Next, 4 mL of hexane was added in a vortex
system (1min). The non-polar extraction was achieved in an ultrasonic
bath with ﬁxed power of 135W for 20min. After that, the polar com-
pounds were extracted in ethanol/water solution (70:30, v/v), under
the same conditions as in the previous procedure. Next, the mixture
obtained in the test tube was again homogenized in a vortex system and
taken to the ultrasonic bath where it stayed for 20min. After that, the
test tubes were centrifuged for 10min (3000 rpm) to remove the in-
soluble part of the material. In the end, 1mL of the polar fraction was
ﬁltered (0.22 μm PTFE ﬁlter), appropriately collected in a vial, and
stored at −80 °C until subsequent UPLC-QTOF-MSE analysis.
2.3.2. Chemical proﬁling by UPLC-QTOF-MSE
A Waters Acquity Ultra Performance Liquid Chromatography
(UPLC) equipment coupled to a Quadrupole/TOF system (Waters, USA)
was used to perform the chemical proﬁle of pitaya. The UPLC analysis
conditions included the use of Waters Acquity UPLC BEH column
(150mm×2.1mm, 1.7 μm), at a ﬁxed temperature of 40 °C. An ex-
ploratory gradient using water (A) and acetonitrile (B) (both with 0.1%
formic acid) as mobile phases varying from 2% to 95% B (0–15min),
the ﬂow rate of 0.4 mL/min and injection volume of 5 μL was the
method adopted.
The chemical proﬁles were determined by coupling the Waters
ACQUITY UPLC system to a QTOF Mass Spectrometer (Waters, Milford,
MA, USA) with Electrospray Ionization interface (ESI) in positive io-
nization modes. The ESI (+) modes were in the range of 110–1180 Da,
with a ﬁxed temperature of 120 °C and a desolvation temperature of
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350 °C. A desolvation gas ﬂow rate of 350 L/h was used for the ESI (+)
mode. The capillary voltage was 3 kV. Leucine enkephalin was used as a
lock mass. The mass spectrometry (MS) mode used Xevo G2-XS QTOF.
The spectrometer operated with MSE centroid programming using a
tension ramp from 20 V to 40 V. The instrument was controlled by the
MassLynx 4.1 software program (Waters Corporation, USA).
2.4. Toxicity
2.4.1. Zebraﬁsh adult
In order to evaluate the toxicity of lyophilized pitaya (pulp or peel),
the methodology proposed by OECD (1992) was used. For this, animals
(n=24/group) were orally treated with pitaya (pulp or peel) (0.1 mg/
mL or 0.5mg/mL or 1.0mg/mL, 20 μL) or vehicle (control, distilled
water, 20 μL). After 96 h, the number of dead ﬁsh in each group was
recorded, and the lethal concentration capable of killing 50% of the
animals (LC50) was determined using the Trimmed Spearman-Karber
mathematical method with 95% conﬁdence interval (Arellano-Aguilar
et al., 2015).
2.4.2. Cytotoxicity assay
The toxicity of lyophilized pitaya (pulp or peel) on Vero cells was
determined by MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenylte-
trazolium bromide) assay, according to the methodology by Marques
et al. (2015).
Cells were seeded onto 96- well plates (TPP, Trasadingen,
Switzerland), at a density of 2×105 cells/well. After 24-h incubation
period at 37 °C in CO2 atmosphere, serial dilutions of the pulp and the
peel extracts were performed to obtain concentrations of 1.0mg/mL,
0.5 mg/mL, 0.25mg/mL, 0.125mg/mL, 0.062mg/mL, 0.031mg/mL,
0.016mg/mL, and 0.008mg/mL, in triplicate. Subsequently, the plate
was incubated for 1 h at 37 °C. At the end of the incubation period, all
solution was removed from the plate, and 100 μL of the medium was
added and incubated for 24 h at 37 °C. After incubation, 10 μL of MTT
was added to the wells and incubated for additional 4 h at 37 °C. The
entire MTT solution was withdrawn and 50 μL of DMSO was added to
each well. The plate was incubated again for another 15min at 37 °C.
The plates were read at 540 nm on a microplate reader (Synergy 2) and
DMSO as used a blank. The cytotoxic concentration CC50 (cytotoxic
concentration capable of killing 50% of the cells) was calculated by
linear regression and cell viability was determined considering absor-
bance control cells as 100% viable.
2.5. Anxiolytic activity
2.5.1. General protocol
The zebraﬁsh tests were performed based on methodologies pro-
posed by Magalhães et al. (2017) and Ekambaram, Perumal, and
Pavadai (2017). On the day of the experiments, the ﬁsh were randomly
selected, transferred to a moist sponge, treated with the test sample or
controls, orally. They were then individually packaged in glass beakers
(250mL) containing 150mL aquarium water for resting. For oral
treatments, 20 μL variable pipette was used while, for intraperitoneal
treatments, insulin syringes (0.5 mL; UltraFina-BD) were used with 30G
gauge needle.
2.5.2. Locomotor activity (open ﬁeld test)
The animals were subjected to the open ﬁeld test (Ahmad &
Richardson, 2013) to evaluate if there was an alteration in motor co-
ordination of the ﬁsh, either through sedation or through muscle re-
laxation. Initially, the animals (n= 6/group) were treated orally with
the lyophilized pitaya pulp or peel (0.1 or 0.5 or 1.0mg/mL, 20 μL), or
vehicle (control, distilled water, 20 μL). A group of animals without any
treatment was included (naive group). After 1 h of the oral treatments,
the animals were moved to Petri dishes, containing the same water as
the aquarium, marked with four quadrants, and the locomotor activity
was analyzed by counting the number of line crossings (LC). Using the
LC value of the naive group as the baseline (100%), we calculated the
percentage of individual line crossings (LC, in %) for 0–5min.
2.5.3. Anxiolytic-like eﬀect (Light & Dark Test)
This test was based on the innate aversion of zebraﬁsh to well-lit
areas, similar to rodents. The test was performed in a glass aquarium
(30×15×20 cm) with a light and a dark zone. The aquarium was
ﬁlled with 3 cm of tap water, and pre-treated with antichlor, is a well-
established anxiety behavior in a new environment. The animals
(n= 6/each) were orally treated with lyophilized pitaya pulp or peel
(0.1 or 0.5 or 1.0mg/mL, 20 μL), or vehicle (control, distilled water,
20 μL) or diazepam (DZP, 5.0 mg/mL, 20 μL) prepared with supple-
mented saline and 1% Tween 80. An unprocessed group (Naive) was
included. After 1 h treatments, the animals were individually added in
the clear zone of the aquarium, and the anxiolytic-like eﬀect was
quantiﬁed as a percentage of permanence in the clear zone (PZC, in %)
during 5min of analysis (Gebauer et al., 2011).
2.5.4. Mechanism of anxiolytic action via the GABAergic system
The involvement of the GABAergic system was investigated, ac-
cording to the methodology proposed by Benneh et al. (2017). The
animals (n=6/group) were treated intraperitoneally with ﬂumazenil
(0.1 mg/mL, 20 μL). After 30min, they were treated orally with lyo-
philized pitaya pulp and peel using dosages of 0.1 mg/mL, 0.5 mg/mL,
1.0 mg/mL (20 μL), vehicle (control, distilled water, 20 μL), or dia-
zepam (DZP, 5.0mg/mL, 20 μL) prepared with supplemented saline and
Tween 80 (1%, v/v). After 30min of these treatments, the animals were
individually added in the clear zone of the aquarium, and the inhibition
of the anxiolytic-like eﬀect was quantiﬁed as a percentage of perma-
nence in the clear zone (PZC, in %) during 5min of analysis (Gebauer
et al., 2011).
2.6. Statistical analysis
The biological results are expressed as the mean ± standard error
of the mean for each group tested. After conﬁrming the normal dis-
tribution and homogeneity of the data, the diﬀerences between the
groups were subjected to analysis of variance (one-way ANOVA), fol-
lowed by the Tukey test. All analyses were performed using GraphPad
Prism v. 5.01. The level of statistical signiﬁcance was set at 5%
(P < 0.05).
3. Results and discussion
3.1. UPLC-ESI-Q-TOF-MSE: Phenolic proﬁle and other compounds
The base peak intensity (BPI) chromatograms of lyophilized pulp
and peel of red pitaya (H. polyrhizus) is shown in Fig. 1. For the de-
termination of the compounds, we compare the accurate mass (mole-
cular formula), mass fragmentation, and previous literature based in
chemotaxonomic data (Table 1).
The main compounds identiﬁed were phyllocactins isomers (4 and
7), betanins isomers (8 and 10), 2′-O-apiosyl-malonyl-betanin and 6′-O-
malonyl-2-descarboxy-betanin, respectively), and ﬂavonoids such as,
isorhamnetin triglycosides isomers (13 and 14) and quercetin-3-O-
hexoside (15), in accordance with previous studies (Wybraniec et al.,
2001, 2009, 2010; Wybraniec and Mizrahi, 2002, Wybraniec and
Mizrahi, 2005; Wichienchot, Jatupornpipat, & Rastall, 2010; Antunes-
Ricardo, Gutiérrez-Uribe, López-Pacheco, Alvarez, & Serna-Saldívar,
2015, Antunes-Ricardo, Gutiérrez-Uribe, Martínez-Vitela, & Serna-
Saldívar 2015, Antunes-Ricardo et al., 2017; Ibrahim, Mohamed,
Khedr, Zayed, & El-Kholy, 2018; Amaya-Cruz et al., 2019). Ad-
ditionally, carbohydrates were also identiﬁed (Wichienchot et al., 2010;
Ramírez-Truque, Esquivel, & Carle, 2011, Dasaesamoh, Youravong, &
Wichienchot, 2016).
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The MS spectrum of compound 1 exhibits a potassium adduct [M
+K+H2O]+ at m/z 399.0905 (C12H24O12K), which was putatively
identiﬁed as carbohydrate derivatives. The metabolite shows one loss of
180 Da [M+K+H2O− 180]+ which could be relative to mono-
saccharide in its neutral form (C6H12O6). Furthermore, the MS2 spec-
trum shows the presence of two peaks at m/z 219.0416 [C6H12O6+K]+
and 203.0563 [C6H12O6+Na]+ commonly reported in the literature as
hexose adducts containing sodium and potassium, respectively
(Azenha, Coimbra, Moreira, Domingues, & Domingues, 2013; Beneito-
Cambra, Bernabé-Zafón, Herrero-Martínez, & Ramis-Ramos, 2009; Zhu
et al., 2017).
In addition, Wei et al. (2019) has already reported the presence of
this disaccharide in pitaya. They concluded that there is a relationship
between the sucrose metabolic gene expressions and the high accu-
mulation of glucose and fructose during the pitaya fruit ripening pro-
cess.
Compounds 3 and 2 showed a molecular ion [M+K]+ at m/z
543.1327 and 705.1865, putatively identiﬁed as oligosaccharides of
molecular formula C18H32O16K and C24H42O21K, which are trisacchar-
ides and tetrasaccharides, respectively.
The fragments of oligosaccharides 2 and 3 observed in the MS2
spectrum were similar. For both molecules, the loss of 324 Da
(543–219) in the fragmentation process is recorded. The [M+H–324]+
ion is formed by the internal loss of two glucose residues (C6H10O5).
The literature has been reports that 324 Da mass losses is indicative of
two hexose residues (Linscheid & D’angona, J., Burlingame, A. L., Dells,
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Fig. 1. Typical base peak intensity (BPI) chromatograms showing the proﬁles of pulp and peel (A and B, respectively) of pitaya fruit (Hylocereus polyrhizus (F.A.C.
Weber) Britton & Rose) in the positive ionization mode, and the chemical structures of the putatively identiﬁed molecules (C).
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A., & Ballou, C. E. , 1981, Chizhov, Tsvetkov, & Nifantiev, 2019). In
addition, a peak is observed at m/z 163.0612 (C6H11O5, mass error:
3.37) indicating the presence of the glucosyl unit. Moreover, recent
glycoconjugate studies by Lee and Ni (2019) reveal that loss of 486 Da
(705–486) is corresponding to maltotriose. Thus, compounds 2 and 3
were putatively identiﬁed as triose and tetraose oligossacarides. The
complete structural carbohydrate elucidation requires determination of
monosaccharide composition, sequence, branching pattern, glycosidic
bonds and anomeric conﬁguration (Cheng, Pai, & Her, 2007) and it has
not been performed.
The trisaccharide and tetrasaccharide sugar are common in
Hylocereus species, such as maltotriose and maltotetraose (Dasaesamoh
et al., 2016; Wichienchot et al., 2010). The presence of polysaccharides
has been reported in Hylocereus fruit (Ramírez-Truque et al., 2011, Li,
Cisneros, & Tel-Zur, 2017, Xu, Zhang, & Wang, 2016, Montoya-Arroyo
et al., 2014, Mohammed et al., 2016).
Compounds 4, 5, 6, 7, 8 and 10 gave the some betalains derivatives.
This typical protonated ion at m/z 389 was the main fragment found in
this class of nitrogenous compounds (Cai et al., 2006). The protonated
ions [M+H]+ peaks of isomeric betalains (5 and 6) observed at m/z
551.1539 fragmented generating a common peak known as betanidin at
m/z 389.1034 formed due to loss of sugar moiety (162 Da). In addition,
the prominent parent ions from phyllocactin isomers 4 and 7 observed
are peaks at m/z 637.1524 and 637.1533, respectively. Furthermore,
their fragments were observed at m/z 593.1514 (637–CO2) formed by
the decarboxylation process for compound 7 and other fragment at m/z
505.1522 (637–3CO2) derivate fragment formed by three successive
decarboxylations. For both molecules 4 and 7, we found betanin frag-
ments (m/z 551.1500 and 551.1522, respectively) formed by loss of
malonyl group (C4H6O2).
Compound 8 presents as ion adducts tentatively identiﬁed as
apiosyl-malonyl-betanin isomer at m/z 769.1930. This metabolite is the
phylocactin skeleton with an addition of 132 Da, suggesting the pre-
sence of an additional pentose fraction. Similar metabolites were
Table 1
Chromatographic and mass spectrometry data of lyophilized pulp and peel of pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) obtained by UPLC-QTOF-
MSE in the positive ion mode.
n° tR (min) Positive ion mode (MS) Fragment
(MS2)
Formula Tentative
identiﬁcation
Pitaya Reference
Ion Observed Calculated Error pulp peel
1 1.17 [M+K+(H2O)]+ 399.0905 399.0901 −1.00 219.0416
203.0563
C12H24O12K Sucrose + + Wei et al. (2019)
2 1.23 [M+K]+ 543.1327 543.1326 −0.20 399.0893
219.0377
163.0612
203.0622
C18H32O16K Maltotriose + + Dasaesamoh et al. (2016)Wichienchot
et al. (2010)
3 1.27 [M+K]+ 705.1865 705.1855 1.42 667.2391
543. 1401
219.1416
203.0606
163.0619
C34H46O12K Maltotetraose – + Dasaesamoh et al. (2016)Wichienchot
et al. (2010)
4 1.40 M+ 637.1524 637.1517 −1.09 551. 1500
389. 1003
C27H29N2O16+ Phyllocactin + + Wybraniec, Stalica, Spórna, and Mizrahi
(2010)
5 2.28 [M+H]+ 551.1539 551.1513 4.72 389.1034 C24H27N2O13+ Betanin + + Wybraniec et al. (2010)
6 2.38 [M+H]+ 551.1511 551.1513 −0.36 389.1124 C24H27N2O13+ Isobetanin + + Wybraniec et al. (2010)
7 2.57 M+ 637.1533 637.1517 2.51 593.1514
551.1522
505.1534
389.1023
C27H29N2O16+ Isophyllocactin + + Wybraniec et al. (2010)
8 2.67 [M+H]+ 769.1930 769.1939 −1.17 637.1536
593.1301
505.1563
389.1519
C32H40N2O2 2′-O-Apiosyl-
phyllocactin
+ + Wybraniec et al. (2010)
9 2.75 [M+H]+ 645.2557 645.2547 1.55 483.2240 C33H41O13 Unknown + +
10 3.14 M+ 593.1609 593.1613 −0.67 345.1600 C26H29N2O14+ 6′-Malonyl-2′-
descarboxy-betanin
+ + Imtiyaj Khan and Giridhar (2015)
11 3.42 [M+H]+ 493.2818 493.2801 3.44 247. 2817
188.3018
146.1976
C27H40O8 Unknown + +
12 3.54 [M+H]+ 731.0339 731.0341 0.31 – C26H14N6O20 Unknown + –
13 3.81 [M+H]+ 771.2315 771.2347 −4.14 625.1576
479.1200
317.0666
C34H43O20 Isorhamnetin
triglycosides isomer
– + Antunes-Ricardo, Gutiérrez-Uribe,
López-Pacheco et al. (2015), Antunes-
Ricardo, Gutiérrez-Uribe, Martínez-
Vitela, et al. (2015), Antunes-Ricardo
et al. (2017)
14 3.85 [M+H]+ 771.2352 771.2347 0.64 625.1863
479.12032
317.0700
C34H43O20 Isorhamnetin
triglycosides isomer
– + Antunes-Ricardo, Gutiérrez-Uribe,
López-Pacheco et al. (2015), Antunes-
Ricardo, Gutiérrez-Uribe, Martínez-
Vitela, et al. (2015), Antunes-Ricardo
et al. (2017)
15 3.91 [M+H]+ 465.0971 465.0954 3.66 303.1009 C21H20O12 Quercetin-3-O-
hexoside
+ + Amaya-Cruz et al. (2019)
16 5.28 [M+H]+ 477.1549 477.1549 0.00 – C27H25O8 Unknown + +
17 6.08 [M+H]+ 309.0824 309.0833 −2.90 – C22H14P Unknown + +
18 7.61 [M+H]+ 274.2750 274.2858 −2.90 257.2475 C15H36N3O Unknown + +
19 8.43 [M+H]+ 437.1974 437.1974 0.00 415.1987 C26H29O6 Unknown + +
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identiﬁed in cacti fruits of Hylocereus polyrhizus as 2′-O-Apiosyl-phyl-
locactin (Wybraniec et al., 2007, 2009, 2010). In the MS2 spectrum of 8
typical ion fragments of phyllocactins were found as mass peaks at m/z
637.1536, 593.1502, 505.1563 and 389.1519.
The mass spectrum of compound 10 was tentatively identiﬁed as 6′-
Malonyl-2′-descarboxy-betanin isomer. The typical fragment of 2-des-
carboxy-betanidin at m/z 345.1600 is formed due to loss of a malonyl
hexoside residue [M-162–86] +) ( García-Cruz, Dueñas, Santos-Buelgas,
Valle-Guadarrama, & Salinas-Moreno, 2017).
Thus, 4, 5, 6, 7, 8 and 10 were putatively identiﬁed as phyllocactin,
betanin, isobetanin, isophyllocactin, 2′-O-Apiosyl-phyllocactin and 6′-
Malonyl-2′-descarboxy-betanin isomers, respectively (Wybraniec et al.,
2001, 2007, 2009, 2010; Wybraniec and Mizrahi, 2002; Kobayashi,
Schmidt, Wray, & Schliemann, 2001; García-Cruz et al., 2017;
Kumorkiewicz & Wybraniec, 2017; Ibrahim et al., 2018).
Compounds 13 and 14 gave the adduct cations [M+H]+ at m/z
771.2315 and 771.2308 were putatively identiﬁed as isorhamnetin
triglycosides isomers. According to Jiménez-Aspee et al. (2014) and
Antunes-Ricardo, Gutiérrez-Uribe, López-Pacheco et al. (2015),
Antunes-Ricardo, Gutiérrez-Uribe, Martínez-Vitela, et al. (2015),
Antunes-Ricardo et al. (2017), the typical isorhamnetin adduct gener-
ated three major fragments formed due to loss of glucosyl and dir-
hamnosyl groups at m/z 625.1576 [M+H–146]+, 479.1200 [M
+H–(146+146)] + and 317.0666 [M+H–(146+ 146+162)]+.
Additionally, the base peak at m/z 317.0666 is a protonated iso-
rhamnetin (C16H12O7).
Nöldner and Schötz (2011) showed the use of isorhamnetin trigly-
cosides in the treatment or as prophylaxis for neurological and mental
illnesses, which are associated with reduction in everyday activity and/
or with a mental functions disorder.
The mass spectra of compound 15 exhibited a protonated molecular
ion [M+H]+ at m/z 465.0971 and a typical fragment at m/z 303.1009
produced by loss of sugar moiety (Wang & Sporns, 2000). Thus, mo-
lecule 15 was putatively identiﬁed as quercetin-3-O-hexoside (Amaya-
Cruz et al., 2019). Previous studies have demonstrated that molecule 15
exhibits antioxidant, antitumor, and anti-inﬂammatory eﬀects
(Fernandez et al., 2006). In addition, the protective eﬀects of quercetin
in the treatment of neurodegenerative disorders and cerebrovascular
diseases have been demonstrated in both in vitro and in vivo studies
(Lee et al., 2011; Nassiri-Asl, Zamansoltani, Javadi, & Ganjvar, 2010).
The fragment ion at m/z 301 was the most the quercetin aglycone.
Furthermore, the protective eﬀects of quercetin against Aβ-induced
neurotoxicity have been reported by Zeng et al. (2011). Also, this
compound can inhibit ﬁbrillar Aβ1–42-induced BBB damage and hyper-
permeability using in vitro co-culture model (Liu, Bai, Liu, Zhang, & Yu,
2017).
3.2. Toxicity
The toxicity of H. polyrhizus was evaluated for the ﬁrst time using
Vero cell lines (through micro-culture tetrazolium assay, MTT) and
zebraﬁsh model. For MTT assay, multiple concentrations of lyophilized
pitaya pulp and peel were used and the CC50 were calculated from dose-
response curve, and the results are shown in Fig. 2. The toxic con-
centrations for 50% of cells (CC50) were 2.18 and 2.36mg/mL for the
peel and pulp, respectively, showing no-toxicity of the materials tested
using Vero cell lines. Moreover, the LC50 (lethal concentration capable
of killing 50% of the animals) for adult zebraﬁsh was ˃1.0mg/mL after
96 h of exposition of all the materials tested (see Table 2). These results
indicate that the peel and pulp in the concentrations tested were non-
toxic.
There is little toxicological information regarding the safety of re-
peated exposure to pitaya fruits. Hor et al. (2012), evaluating the acute
and subchronic toxicity of a methanol extract of H. polyrhizus using the
edible parts of the fruit (pulp), concluded that the extract is relatively
safe when given orally in rats. The lethal oral dose of the fruit extract is
more than 5000mg/kg and the no-observed-adverse-eﬀect level
(NOAEL) of the extract for both male and female rats is considered to be
5000mg/kg per day for 28 days. In studies carried out by Luo et al.
(2014), the authors determined the toxicity of supercritical carbon di-
oxide extract of H. polyrhizus peel using human tumor cell lines. The
extract possessed good cytotoxic activities against PC3 (epithelial from
human prostate), BCap-37 (breast cancer), and MGC-803 (human gas-
tric cancer) cells (IC50 values ranging from 0.61 to 0.73mg/mL). Fur-
thermore, this extract also presented some radical scavenging activities,
with IC50 values of 0.83 and 0.91mg/mL, respectively. The authors
showed a dose-dependent inhibition of cell proliferation. However, to
the best of our knowledge, our work is the ﬁrst to report the use of a
zebraﬁsh model to evaluate the toxicity of pitaya.
3.3. Locomotor activity and anxiolytic-like eﬀect in adult zebraﬁsh
The locomotor activity is one of the leading indicators of behavioral
analysis of drugs acting on the central nervous system, assessing whe-
ther the material tested may cause locomotor impairment (Gebauer
et al., 2011). Thus, the eﬀects of pitaya pulp and peel on the locomotor
activity of adult zebraﬁsh were evaluated.
The results of the locomotor activity are shown in Fig. 3. The pitaya
pulp at doses 0.1, 0.5, or 1.0mg/mL did not alter the locomotor system
of the ﬁsh. However, peel at 0.5 and 1.0mg/mL reduced (P < 0.01,
P < 0.05, respectively) the locomotor activity signiﬁcantly as com-
pared to that in naive and vehicle groups. These results may be due to a
higher sucrose concentration in the pulp than in the peel. Xu and
Reichelt (2018) reported sucrose impact on memory and anxiety-like
behaviors in rats. Moreover, intermittent (2 h) daily access of 10% su-
crose reduced hippocampal immunoreactivity in parvalbumin (PV)-
expressing GABAergic (Reichelt, Killcross, Hambly, Morris, &
Westbrook, 2015), indicating that sucrose impacts on inhibitory neu-
rotransmission and neuroproliferation in the hippocampus.
The anxiolytic-like eﬀect of pitaya was investigated using Light &
Dark Test. This is one of the assays that adapted behavioral measure-
ment in zebraﬁsh to explore anxiety and stress eﬀects of diﬀerent
1 0.5 0.25 0.12 0.06 0.03 0.01 0.005
0
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LC50 > 1.00 mg/mL
Fig. 2. Cell viability of lyophilized pulp and peel of pitaya (Hylocereus poly-
rhizus (F.A.C. Weber) Britton & Rose) using Vero cells (MTT method, at 540 nm)
Table 2
Results of the acute toxicity assay of lyophilized pulp and peel of pitaya
(Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) on adult zebraﬁsh model.
Sample Mortality LC50 (mg/mL) 96 h
CN D1 D2 D3
Pulp 0 5 0 1 >1.0
Peel 0 2 1 0 >1.0
CN– Negative control group: distilled water; D1 (0.1mg/mL, 20 μL); D2
(0.5 mg/mL, 20 μL); D3 (1.0mg/mL, 20 μL); n= 24 animals/group; LC50-
Lethal Concentration to kill 50% of adult zebraﬁsh. Unit of mortality: LC50
(96hs) ˃ 1mg/mL.
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materials administered (Blaser & Peñalosa, 2011). In this assay, the
animals that were not treated with anxiolytic drugs showed the same
behavior as in mice, with an aversion to light zones (Gebauer et al.,
2011). As a result, the animals treated with pitaya pulp (0.5 and
1.0 mg/mL) remained between 82.8% and 85.2% in the clear zone
(P > 0.05), exhibiting anxiolytic-simile eﬀect of diazepam (5.0 mg/
mL, Diazepam=95.1%) (Fig. 4). Moreover, peel (0.1 mg/mL, 0.5 mg/
mL, or 1.0mg/mL) exhibited the same behavior as that by pulp since
the animals remained 78.10 to 95.57% in the clear zone (Fig. 4). For-
tunately, these results have shown that pulp and peel of pitaya ex-
hibited anxiolytic-like eﬀects; and we hypothesize that betalains,
quercetin, and others ﬂavonoids — identiﬁed in the pulp and peel of
pitaya — would contribute to its anxiolytic properties.
Betalains, when metabolized in the body, produce two molecules of
L-DOPA and noradrenaline, favoring antidepressant activities
(Suganyadevi et al., 2010). Sulakhiya et al. (2016) showed the pro-
tective eﬀect of Beta vulgaris Linn. ethanolic extract (BVEE) of leaves
(which contains higher levels of betalains) against acute restraint stress
(ARS)-induced anxiety- and depressive-like behavior and oxidative
stress in mice. Moreover, Samad, Saleem, Yasmin, and Shehzad (2018)
showed the protective role of quercetin, against immobilization stress-
induced anxiety, depression, and cognition alteration in mice using
behavioral and biochemical parameters. However, further studies are
necessary to investigate the speciﬁc compound(s) responsible for the
anxiolytic-like eﬀects of pitaya.
Additionally, the Light & Dark test was used after ﬂumazenil ad-
ministration to investigate the system involved in the anxiolytic-like
eﬀects of pitaya (see Fig. 5). Flumazenil is a γ-aminobutyric acid
(GABA) speciﬁc antagonist of the type A receptor complex (GABAergic
system). It is known to antagonize the eﬀects of benzodiazepines, in-
cluding anxiolytic, sedative, and hypnotic eﬀects (Fluyau, Revadigar, &
Manobianco, 2018). Thus, the intraperitoneal pretreatment with ﬂu-
mazenil (0.1 mg/mL, 20 μL) signiﬁcantly reversed (P < 0.001) the
entire anxiolytic-like eﬀect of pitaya extracts (pulp and peel) and dia-
zepam. These results suggest that both the materials have anxiolytic-
like eﬀect via the GABAergic system.
GABA is regarded as one of the major inhibitory amino acid trans-
mitters in the mammalian brain. In vertebrates, anxiety can be reduced
through the activation of the ligand-gated GABAA receptor in the cen-
tral nervous system (CNS), either by the endogenous inhibitory neu-
rotransmitter GABA or by other agonistic molecules, thereby reducing
the overall neurotransmission by decreasing the action potential of
neurons (Pritchett et al., 1989). Wu et al. (2019) evaluated the meta-
bolic proﬁle of H. polyrhizus during fruit development and maturation,
and identiﬁed (using other analytical methods) several amino acids,
such as alanine, proline, glycine, and GABA (a non-protein amino acid),
Fig. 3. Eﬀect of lyophilized pulp (A) and peel (B) of pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) on the locomotor activity of adult zebraﬁsh (Danio
rerio) in the Open Field Test (0–5min). Naive - untreated animals; Vehicle - distilled water (20 μL); Values represent the mean ± standard error of the mean (E.P.M.)
for 6 animals/group; ANOVA followed by Tukey (*P < 0.05; ** P < 0.01 vs. Naive and Vehicle). The numbers above each column indicate the percentage of
locomotor activity (LA, in %).
Fig. 4. Eﬀect of lyophilized pulp (A) and peel (B) of the pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) on the locomotor activity in adult zebraﬁsh
(Danio rerio) using the Light & Dark Test (0–5min). Naive – non-treated animals; Control - distilled water (20 μL); DZP-Diazepam (5.0mg/mL, 20 μL). Values
represent the mean ± standard error of the mean (E.P.M.) for 6 animals/group; ANOVA followed by Tukey. *** P < 0.001 vs. Naive and Control; # # # P < 0.001
vs. DZP; (*** P < 0.001 vs. Naive and Control). Numbers above each column indicate percentage of permanence in the bright zone (PBZ, in %)
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in the pulp and peel of pitaya. These authors showed that the con-
centration of GABA in the peel was slightly higher than that in the pulp.
For anxiety treatment, several drugs, which could exhibit undesir-
able side eﬀects, are used. Therefore, the beneﬁcial eﬀects of pitaya on
mental disorders, speciﬁcally anxiety, is relevant since the observed
eﬀects occurred because of pulp or peel of pitaya administration,
without isolation or concentration of its compounds. In addition, pitaya
peel (which is a waste in the food industry) should be regarded as a
valuable product that has the potential as an economic value-added
therapeutic substance for anxiety disorders.
4. Conclusion
In the present study, an evaluation of the chemical and anxiolytic-
like eﬀect of pitaya pulp and peel (Hylocereus polyrhizus (F.A.C. Weber)
Britton & Rose) was performed for the ﬁrst time. Maltotriose, quercetin-
3-O-hexoside, and betalains, such as apiosyl-malonyl-betanin and 6′-O-
malonyl-2-descarboxy-betanin isomers, were the compounds putatively
identiﬁed in the pulp and peel of pitaya by UPLC-QTOF-MSE.
Furthermore, the Light & Dark Test using adult zebraﬁsh model, sug-
gested that both materials exhibited anxiolytic-like eﬀect via the
GABAergic system. These ﬁndings suggest that H. polyrizhus has the
potential as an alternative plant-derived anxiolytic therapy. In addition,
pitaya peel, which is usually discarded during the processing and ends
up as waste and a source of pollution, should be regarded as a valuable
product, which has the potential as an economic value-added in-
gredient for anxiety disorders.
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Fig. 5. Eﬀect of ﬂumazenil on the anxiolytic-like action of lyophilized pulp (A) and peel (B) of the pitaya (Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose) on
adult zebraﬁsh (Danio rerio) using the Light & Dark Test (0–5min). Naive – non-treated animals; Fmz – Flumazenil (0.1 mg/mL, 20 μL i.p.), administered 30min prior
to treatments; V – Vehicle, distilled water (20 μL); DZP – Diazepam (5.0 mg/mL, 20 μL). Values represent the mean ± standard error of the mean (E.P.M.) for 6
animals/group; ANOVA followed by Tukey. *** p < 0.001 vs. Naive and Vehicle; # # # P < 0.01 Pulp or DZP; *** P < 0.001 vs. Naive and Vehicle; # # #
P < 0.01 Peel or DZP; *** P < 0.001 vs. Naive and Vehicle. Numbers above each column indicate the percentage of permanence in the bright zone (PBZ, in %).
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